INTRODUCTION
There has been increasing interest in the nature of organizational network ties and their implications for knowledge creation and sharing (Ahuja, 2000; McEvily and Zaheer, 1999; Powell, et al., 1996; Uzzi, 1996 Uzzi, , 1997 . Research has suggested that close and dense networks characterized by embedded relationships (strong ties) facilitate the sharing of highly contextual and complex knowledge by developing trust and creating common values and norms (Dyer and Nobeoka, 2000; Uzzi, 1997) . Dense networks are contrasted with sparse networks which are seen as less effective at transferring tacit and embedded knowledge, but allow firms to bypass redundancy and find novel and heterogeneous forms of knowledge by relying on more distant and sporadic contacts (weak ties) (Burt, 1992) . These issues lie at the heart of a key challenge for firms, especially in knowledge intensive, high technology sectors: the building and maintenance of effective networks. According to Rowley et al. (2000) and Afuah (2000) , firms operating in fast changing and turbulent environments should not over-commit themselves to a small set of strong and embedded ties; rather they should remain alert and seek out new knowledge opportunities and alternative ways of doing things. Similarly, Nooteboom (2000) argues that some stages in the learning and development cycle require integration through strong ties while at others loose ties are required. Hence, this literature highlights the importance for firms of having a mix of strong and weak ties with particular emphasis on search and experimentation with new sources of knowledge. network members and this is a further area which is not currently well understood (Koka et al., 2006) . The purpose of this paper is to extend the literature on network ties in technology-intensive environments by moving beyond the weak/strong tie dichotomy, addressing issues of process in network development and in focusing on the actions of key actors in the network. It presents an empirically grounded investigation of the significance of potential (new) and latent (dormant) ties. These conceptions add to Granovetter's (1973) typology, broadening our understanding of the notion of ties. In this paper we show that their identification and recognition has important implications for how knowledge is shared and created at the network level. These conceptual arguments are elaborated through an empirical study conducted into product development activities conducted by racing car manufacturers and their suppliers in the British and Italian motorsport industries.
The central argument of this paper, in line with the empirical findings, is that the active search for, and development of, new potential ties both offers firms the opportunity to identify new ideas (addressing the structure of the network) and also helps engender a network context conducive to knowledge creation (addressing the action problem). In a complementary fashion, the decay of latent ties alleviates redundancy problems, but if revitalized these ties may quickly become sources of newly relevant knowledge. Such explanation moves away from existing static conceptualizations of network ties and offers a better understanding of the nature and role of differing ties in high-tech environments. At the same time, it also provides firms with some insights into how to build contingently optimal portfolios of ties over time and with reference to current and future conditions through highlighting the significance of ongoing search and relationship managing processes. This avoids overly structural notions of network optimality and concentrates attention on dynamic organizational and managerial capabilities in terms of processes of network building.
The paper begins by providing some theoretical background to the notion of organizational network ties and their link to knowledge transfer. Building on and extending those ideas, it gives a description of potential and latent ties. It then describes the empirical setting and data sample. Finally, it presents and discusses the results, underlining the value of potential and latent ties in promoting the prospects for learning, knowledge creation and the search for novel ideas.
THEORETICAL BACKGROUND
Theorizing on network ties has its roots in sociological theory and, in particular, the work of Granovetter (1973 Granovetter ( , 1985 . His distinction between strong and weak ties has shed light on the nature of social attachments and the complex social elements that characterize them. Further research in this area has identified the key features of these ties in business networks (see Gulati, 1995; Larson, 1992; Ring and Van de Ven 1994 portrays strong ties in terms of close knit bonding, philos and repeated and prolonged interactions among the parties (Krackhardt, 1992; Uzzi, 1997 Uzzi, , 1999 . It also highlights that this familiarity fosters high levels of trust, reciprocity and social capital (Gulati, 1995; Larson, 1992; Nahapiet and Ghoshal, 1998) . For example, Dyer and Nobeoka (2000) describe how repeated and long-term interactions between Toyota and its suppliers have promoted the emergence of strong ties based on trust, norms of reciprocity and social attachments. Weak ties, on the other hand, are characterized by irregular and infrequent exchanges without any extended social contact among the parties. Their short-lived nature, however, cannot be assumed. As Dyer et al. (1998) have observed, weak relationships may involve frequent and enduring encounters. The defining distinction between strong and weak ties is the degree of social affect informing the nature of action and transaction, a distinction sometimes described in terms of universalistic or particularistic relations (Biggart and Delbridge, 2004) .
Several scholars have also explored the implication of these ties for knowledge transfer activities across a variety of contexts (Hansen, 1999; Sako, 1992; Uzzi, 1996 Uzzi, , 1997 . What they conclude is that strong and weak ties offer contrasting benefits in terms of the knowledge flows they facilitate.
Strong ties provide organizations with high-quality information and tacit knowledge and allow joint problem-solving arrangements to develop. Weak ties, on the other hand, act as bridges between separate actors and allow them to access novel information. It is thus common in the literature to see strong ties associated with knowledge exploitation and weak ties with exploration (for example, Nooteboom, 2000) .
In recent years a great deal of research has extended the above arguments at the inter-organizational level of analysis investigating how network structures facilitate or hinder knowledge flows (Ahuja, 2000; Burt, 1992; McEvily and Zaheer, 1999; Powell et al., 1996; Powell, 1998; Tsai and Ghoshal, 1998; Uzzi, 1996 Uzzi, , 1997 . A key argument is that specific network positions confer advantages to organizations in terms of increased collaboration, better access to information about potential partners, exchange of tacit and complex knowledge, and development of trust. However, there has been disagreement both about the network configuration responsible for such benefits and the implications for organizations seeking to devise an optimal network of ties.
Some scholars stress the positive effect of dense and close-knit relations among firms (Coleman, 1988; Powell, 1990) or 'close networks' in the exchange of knowledge and the creation of group norms, trust and embeddedness. However, structural holes theory (Burt, 1992) argues that the benefits of network structures result from the diversity of information created by loose collections of firms. According to Burt, close networks hinder organizational performance by promoting increasing levels of redundancy.
This argument has been substantiated by the work of Uzzi (1996 Uzzi ( , 1997 Uzzi ( , 1999 and Uzzi and Gillespie (2002) who found that when organizations depend too much on embedded ties they seal themselves off from external sources of new ideas.
Some have attempted to integrate these differing perspectives and have reached the conclusion that the optimal network structure in terms of knowledge transfer is represented by a mix of strong and weak ties (see Burt, 2001 ; Uzzi, 1997) . While the combination of these two perspectives has advanced our understanding of knowledge flows in network structures, this nevertheless leaves unanswered the 'action problem' specified by Obstfeld (2005) . This refers to the fact that network reach in structural holes offers substantial benefits in terms of exposure to a wide variety of ideas but at the same time limits effective action taking. Research has found that having a wide-ranging network of relationships both enhances firms' ability to find valuable knowledge and their speed of learning (McEvily and Zaheer, 1999; Reagan and McEvily, 2003; Zahra et al., 2000) . These structures, however, may not be able to implement those ideas in an effective way. A recent study by Burt (2004) on the opportunities presented by structural holes clearly reveals the lack of activity directed at mobilizing and implementing novel ideas.
Close and dense networks, in contrast, are better able to bring about coordination and implementation activities and, thus, foster knowledge creation. Yet, their very structure hinders the generation of new ideas because of the redundancy of the information they gather (Granovetter, 1973; Burt, 1992) . This problem seems to be particularly relevant in turbulent and fast changing environments associated with high technology sectors. In these circumstances, firms must remain alert and constantly scan the market for new and alternative ideas (Afuah, 2000; Ahuja, 2000; Rowley et al., 2000) . Recognition of these issues has heralded recent calls for greater attention to the processes of network formation and development and the role of strategic actors in these processes (Dhanaraj and Parkhe, 2006; Parkhe et al., 2006) .
Concerns to develop research on network processes in general, and the action problem associated with both structural holes and close networks in particular (Obstfeld, 2005) , reflect the static manner in which network ties are defined in the literature (Granovetter, 1992; Ibarra, 1992) . Current conceptualizations of ties have a dichotomous and discrete character: relationships either contain a significant social element or do not. This remains useful, but limits our understanding of the dynamics of ties. The network literature has paid little attention to the temporal characteristics of ties; in other words, ties are treated as if they are unaffected by time and history. This 'temporal reductionism' (Granovetter, 1992, p. 34 ) limits our understanding of how relationships change and transform over time and it also restricts the understanding of the role of actors in network change (Salancik, 1995; Parkhe et al., 2006) . While a number of studies have started to shed light on the phases through which relationships may continue or decline (Baker et al., 1998; Burt, 2000b; Fichman and Levinthal, 1991; Levinthal and Fichman, 1988; Ring and Van de Ven, 1994; Seabright et al. 1992) , their work remains anchored to the analysis of selected moments in the development of ties. In addition, this literature has given little consideration to the role of strategic action in how ties are built, strengthen or weaken over time, how these dynamics may facilitate learning and knowledge exchange and, ultimately, how they lay the basis for joint knowledge creation.
AIM Working Paper Series: 053-February-2007 Copyright © Rick In this paper, we aim to address these issues by extending Granovetter's initial distinction and introducing the concepts of potential and latent ties. This provides a broader basis for understanding the processes leading to both the inception and weakening of network ties. It also has important implications for how knowledge is both shared and created at the network level. The following section provides a brief characterization of potential and latent ties.
Potential and latent ties
The business networks literature is largely silent in how and why ties form (Salancik, 1995) .
Existing studies tend to attribute the initiation and development of exchange relationships to the presence of prior informal relationships (see Hite, 2005; Larson, 1992; Steier and Greenwood, 2000) . We call these putative new ties potential ties and we define them as embryonic relationships which have the opportunity of, and potential for, further development. The prospects of development of these ties will depend upon the mutual interests of the parties involved and their orientations to exchange (Biggart and Delbridge, 2004) . Hence, over time these relationships may evolve in a number of ways, with some ties becoming increasingly embedded. For example, the discovery of a promising opportunity to develop a new technology or a new process may encourage potential partners to come together and engage in joint R&D activities. Yet, in order for such joint learning and knowledge creation to happen, the partner firms have to promote increasing levels of social interaction founded on the development of shared norms and procedures (Kogut and Zander, 1996; Leonard-Barton, 1995) . This can also be achieved with the help of third parties who facilitate coordination between dissimilar others (Obstfeld, 2005) .
Ties may become weaker rather than stronger. As previously mentioned, this is a phenomenon in networks that has been noted but little investigated (Baker et al., 1998; Burt, 2000a, b) . Tie weakening may lead to a state of companies was gained through the interviews and the following types of suppliers were identified: commodity supplier, process specialist, equipment specialist, production specialist, technology specialist, full system supplier, and technology partner. These are not mutually exclusive categories as one supplier may assume different roles for different customers or products, e.g. full-systems suppliers may also be technology partners. This typology represents an increasing level of technological complexity. The full range of suppliers are included in the research.
In total, 37 companies were selected (21 in the UK and 16 in Italy) using the technique of purposeful sampling (Patton, 1990) . Following Lincoln and Guba (1985) , maximum variation was sought and the selection process targeted companies which were performing different tasks and were also related to other industries (e.g. aerospace, chemical, metal treatments). Analysis of historical data indicates the tendency of racing car manufacturers, especially AIM Working Paper Series: 053-February-2007 Copyright © Rick in Formula One racing, to create linkages with actors operating in lateral fields of technology which may provide complementary knowledge and ideas.
Overall, 59 interviews were carried out, 37 in the UK and 22 in Italy (see Appendix) and they were held with people at different organizational levels and performing different tasks. In particular, three categories of people were chosen: directors and managers, engineers (mainly in the area of product development) and other employees from the production/technical division responsible for production. While interviews with directors and managers helped to better understand issues regarding the management of relationships, those with engineers and technical staff were aimed at finding out why and how motorsport companies search for new technologies and knowledge and how these contribute to knowledge creation. Interviews lasted from 45 minutes to over two hours in length, and were conducted on a one-toone basis with participants either in their private offices or in a meeting room. usually joining them for lunch or coffee and records were also taken of these discussions.
Data collection and analysis were conducted with an exploratory mindset and they were intended to generate insights into the types and nature of the connections between racing car manufacturers and their suppliers in relation to knowledge sharing and creation. The process of data collection and analysis proceeded iteratively. In the early stages it was open-ended and became more focused in the later stages to allow for themes to emerge and then be explored and examined in more detail. For example, while at the beginning respondents were asked whether they were engaging in knowledge search activities, at later stages they were also asked to provide specific information of how the search processes were handled and a justification of Inductive qualitative analysis techniques were used to analyze the data (Coffey and Atkinson, 1996; Eisenhardt, 1989; Strauss and Corbin, 1990) .
Analysis consisted of several readings of the interview transcripts, various documentation and a review of the issues emerged during the informal conversations with participants. The analysis generated a set of themes relating to the types of ties, their characteristics and nature, the activities conducted. These themes were then compared and combined in new ways and a general picture started to emerge.
NETWORK TIES IN THE BRITISH AND ITALIAN MOTORSPORT INDUSTRIES
Heightened competition and growing technological complexity meant manufacturers in both Italy and the UK moved away from a vertically When we work with composites, the exchange of personnel extends not only to the engineers but also to the composite and fibre technicians because, in that case, we need to know more about the actual processes -we have discussions on how to make a part in carbon fibre, a wing for instance.
Face-to-face contact also allows motorsport companies to develop, over time, personal relationships which further strengthen their linkages. The Director of a technology specialist company in the UK emphasizes the fact that knowledge sharing is facilitated by personal connections at different levels and that it is often at functional levels that this is most important. He states, They treat us very much as a subcontractor. There are an awful lot of teams based around here […], so they tend to like to deal with us because of our location, but we are still a subcontractor. They would come to us with a job, we will look at it and we will say: 'yes, we can make it' or 'no, we can't', and if we can't they will go to someone else.
These data show the significance of key actors' strategic actions and demonstrate the dynamic nature of ties. The weakening of relationships shows how racing car manufacturers are selective and vary the extent to which they develop closer links. These weak ties can take the form of both short-term links and durable arm's-length relationships (see Dyer et al., 1998) .
Note also that ties are maintained in this weaker state allowing the potential for re-strengthening of connections. These allow racing car manufacturers to augment the variety of solutions available. develop better metallurgy and the casting process, and we believe we have made a significant step forward in castings by collaborating with a major supplier and a significant investment in the plant.
KNOWLEDGE CREATION THROUGH POTENTIAL TIES
Other motorsport companies are more proactive and broad in the processes they employ in approaching new sources of relevant knowledge, constantly remaining alert to potential opportunities and putting in place dedicated search mechanisms. One of these is the use of individuals who act as 'technological gatekeepers' (Allen, 1977) After that we might establish a collaboration for doing joint research and development.
The empirical evidence indicates that the value of potential ties, as described above, is that they represent relationships which are still embryonic but AIM Working Paper Series: 053-February-2007 Copyright © Rick display the opportunity for development. In this case, the strengthening of these ties and the promotion of increasing levels of social interaction may lead to the development of products that are technologically superior to those in existence.
An example is the casting of the transmission in titanium. This breakthrough came about through initial collaboration between Italy-F1b and an Italian supplier which specializes in material and process development. Thanks to the research efforts made by the two companies, Italy-F1b was the first among all the Formula One teams to adopt this new technology for the transmission of the car.
However, this development would have not been possible without the lessons learned about the moulding processes from a US company producing golf clubs. As the Formula One team and its supplier lacked the necessary knowledge in casting to perfect their method, they engaged in search activities and scanned the market for possible and interesting ideas. After trying many foundries, they found one which had specialist expertise in golf club manufacture and they slowly developed a collaborative link. The Production Manager of Italy-F1b presents a vivid account of the particular efforts made. 'Redundancy' (Burt, 1992; Uzzi, 1996 Uzzi, , 1997 Uzzi, , 1999 ) is a key factor in the weakening of the relationships. Redundancy appears to be a direct consequence of a companies' quest for new technological know-how, thus resulting in the modification of the current network of established relationships. In this case, current ties may become redundant and exchange may be at least temporarily suspended. An example is when racing car manufacturers suspend the use of specific parts or components to try out alternative solutions which may offer better performance results. In these circumstances relationships with longstanding suppliers remain latent and can be reactivated if racing car manufacturers decide that the previous components are needed again, maybe with incremental modifications, or if the suppliers can extend their technological capability and develop alternatives.
The presence of latent ties is also often connected to problem-solving activities. Racing car manufacturers maintain a number of 'dormant' connections with supplier companies that hold specific expertise in particular engineering areas. These are reactivated when they face particular problems that need the intervention of that expertise. In those instances, racing car manufacturers will interact with suppliers only for the length of the problemsolving activities at the end of which the relationships will revert to their latent 
DISCUSSION
In extending the conceptualization of ties beyond the strong/weak dichotomy and through the presentation of in-depth qualitative data, the paper has sought to shed light on two key aspects of knowledge creation and transfer: the processes of tie dynamics and network development and the strategic action of key network members in both search activities and the management of network relations. Consistent with other research on network ties (Burt, 1992; Dyer and Nobeoka, 2000; Granovetter, 1973; Uzzi, 1996; 1997; ) , this study has found that interfirm relationships play a significant role in the development of new products and in the expansion of organizational competencies. Moving beyond current understanding, the paper has shown the value of the concepts of potential and latent ties in developing a more dynamic picture of networks. Empirical evidence has shown that motor racing companies use a number of different ties as mechanisms for organizing knowledge sharing and creation. Specifically, they augment and renew their knowledge base not only through current network relationships involving both strong and weak ties, but also by looking at new opportunities (establishing potential ties) and/or by suspending others that are redundant (maintaining latent ties). This mutual orientation to join forces has the potential to foster higher levels of social interaction and trust which, in turn, facilitate joint work and the flow of ideas. Hence, potential ties may both alleviate network insularity and contribute to knowledge creation and learning.
The quest for novel technological developments, however, may make knowledge redundant. This leads motorsport companies to temporarily suspend those relationships which offer limited current contributions. This situation may be reversed if the dormant connections become sites of newly relevant knowledge. In those circumstances, relationships are re-activated and social interaction is resumed. This underscores the fact that a certain amount of redundancy may be necessary in order to grasp significant knowledge benefits and suggests the value of retaining latent ties.
The study affirms the arguments that greater attention be paid the strategic actions necessary for building efficient networks (Dhanaraj and Parkhe, 2006) and sheds light on recent debates around 'optimal' network structures.
Motorsport companies operate and manage ties in a differentiated way in order to achieve significant knowledge benefits. On the one hand, they try to build and embed themselves in a densely connected network of relations through developing social capital and fostering trust. On the other hand, they are aware of the potentially paralyzing effects of 'close' (Burt, 1992; Coleman, 1988) or 'overembedded' networks (Uzzi, 1997 Hence, contrary to recent literature (Dyer and Nobeoka, 2000) , the findings of this study suggest that strong tie networks are not necessarily best suited for dynamic environments, such as the motorsport industry, which require constant adaptation and the introduction of new technologies. As noted by Afuah (2000) , a network may become so inwardly focused that it will be unable to respond to major technological innovations that develop outside the network. To avoid the danger of overembeddedness, motorsport companies not only maintain a number of arm's-length connections, but they also engage in the search for potential partners. The findings thus suggest that attention to the dynamic and strategic processes of network building is preferable to overly structural notions of network optimality.
CONCLUDING REMARKS
This paper addresses issues of knowledge creation and transfer at a network level through an extension of the strong/weak dichotomy. It introduces and explores empirically a dynamic and processual view of network formation and tie development. In so doing it goes beyond static conceptions of interorganizational knowledge creation and mobilization. The research shows the importance of both proactive search activities and the identification of potential ties, and the managed latency of some (temporarily) redundant ties, in retaining and developing a network's access to novel ideas and capability to act to mobilize new resources. The findings have revealed that motorsport companies are proactive actors who engage in search activities for new partners (potential ties) as well as temporarily suspending relationships (latent ties) that prove to be redundant in terms of their knowledge needs. They have been able to make use of relationships which not only allow for the improvement and development of existing knowledge, but also give exposure to new ideas and enhance knowledge creation and learning. This helps in guarding against the dangers of 'overembeddedness' (Uzzi, 1997) 
